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5 CATHETER HAVING SHAFT OF VARYING STIFFNESS 

Background of the Invention 
This invention relates to an improved catheter, more particularly a balloon 
catheter for use in angioplasty. This invention is even more particularly adapted for use 
as a balloon dilatation catheter in percutaneous transluminal coronary angioplasty 

10 (PTCA). A PTCA procedure is used to dilate the stenosed region of a diseased 
coronary blood vessel. In a typical PTCA procedure, a guide catheter is introduced in 
a peripheral artery, such as the femoral artery, and advanced through the aorta until the 
distal end of the guide catheter is engaged with the coronary ostium for the coronary 
artery to be treated. Next a balloon dilatation catheter is introduced over a guidewire 

1 5 which has been introduced through the guide catheter. The guidewire is advanced past 
the distal end of the guide catheter within the lumen of the diseased vessel and 
manipulated across the region of the stenosis. The balloon dilatation catheter is then 
advanced past the distal end of the guide catheter over the guidewire until the balloon 
is positioned across the stenotic lesion. The balloon is inflated by supplying a fluid 

20 under pressure to the balloon through an inflation lumen in the catheter. Inflating the 
balloon stretches the diseased artery to reestablish acceptable blood flow through the 
artery. 

A typical over the wire balloon dilatation catheter has two lumens extending 
through substantially the entire length of the catheter. One lumen is used to pass the 
25 guidewire through the catheter and extends from a proximal guidewire port to a distal 
guidewire port located distal of the balloon. The other lumen is used to inflate and 
deflate the balloon and extends from a proximal inflation port adjacent to the proximal 
end of the catheter to a distal inflation port which is in communication with the balloon 
cavity. 

30 A typical rapid exchange balloon dilatation catheter has a single inflation lumen 

extending from the proximal end of the catheter to the distal inflation port which is in 
communication with the balloon cavity. The guidewire lumen extends through only the 
most distal portion of the catheter from a proximal guidewire port, which is proximal of 
the balloon but distal to the proximal end of the catheter, to a distal guidewire port in 

35 the distal end of the catheter. This configuration facilitates the maintenance of the 
location of the guidewire across the stenosis during catheter exchange. 
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A typical fixed-wire balloon dilatation cathet r has a single lum n shaft that 
extends from the proximal end of the catheter to the proximal end of the balloon. A 
wire is fixed In the catheter and extends past the distal end of the balloon which is 
connected thereto. The fixed-wire acts as the guidewire to steer the catheter so that 
5 a separate guidewire is not needed. 

In order for a balloon dilatation catheter optimally to perform its function in an 
angioplasty procedure, the catheter should have a small profile, a flexible distal portion 
and a stiff proximal portion. The small profile allows the catheter to be inserted into 
small arteries. A flexible distal portion allows that part of the catheter to pass through 
10 the tortuous, tight curvatures of the vasculature. In addition, a stiff proximal portion 
gives the catheter "pushability", i.e. transmission of longitudinal force along the catheter, 
so a physician can push the catheter through the vascular system and the stenosis. 
Finally the transition between the stiff proximal portion and the flexible distal portion 
should be smooth and should avoid areas of high stress concentration. 
15 Balloon dilatation catheters currently on the market attempt to achieve these 

goals with varying degrees of success. However, none has heretofore provided such 
an optimum combination of features. 

Therefore it would be desirable to provide a balloon dilatation catheter that has 
a small profile. It would also be desirable to provide a balloon dilatation catheter 
20 having a flexible distal portion. 

It would be further desirable to provide a balloon dilatation catheter having a stiff 
proximal portion. 

It would be yet further desirable to provide a balloon dilatation catheter that has 
a smooth transition from a stiff proximal portion to a flexible distal portion which avoids 
25 areas of high stress concentration. 

Summary of the Invention 
These and other objects of the invention are achieved by a balloon dilatation 
catheter having a stiff proximal tube preferably formed from metal. The use of metal 
helps to provide a balloon dilatation catheter with a small profile. The metal used for 
30 the proximal tube can be made from, for example, stainless steel hypotube, a 
superelastic alloy such as nitinol, nickel and its alloys, or titanium and its alloys or any 
other biocompatible metal. The distal portion or transition zone of th metallic proximal 
tube has one or more perforations or slots formed therein to increase the flexibility of 
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th distal portion. This increased flexibility of the distal portion of the proximal tube 
facilitates the transition from the relatively stiff portion to a more flexible portion and 
avoids a region of high stress concentration. Preferably the transition zone is formed 
with a plurality of discrete perforations arranged generally in rows. The perforations in 
5 one row are offset from the perforations in an adjacent row. In addition, preferably the 
perforations in one row extend at least partially into the space between the perforations 
in an adjacent row. 

Although the present invention has particular applicability to balloon dilatation 
catheters, it is also applicable to other medical devices having the same requirements 
10 of a stiff proximal portion, a flexible distal portion and a smooth transition between the 
stiff proximal portion and the flexible distal portion to avoid areas of high stress 
concentration. For example, this invention could be used as part of a stent delivery 
catheter, guide catheter or diagnostic catheter. 

Brief Description of the Drawings 
15 The above and other objects and advantages of this invention will become 

apparent upon consideration of the following detailed description taken in conjunction 
with the accompanying drawings, in which like reference characters refer to like parts 
throughout and in which: 

FIG. 1 is a partial section side elevation view of one embodiment of an over the 
20 wire balloon dilatation catheter of this invention; 

FIG. 2 is a partial section side elevation view of a second embodiment of an 
over the wire balloon dilatation catheter of this invention; 

FIG. 3 is a partial section side elevation view of a third embodiment of a rapid 
exchange balloon dilatation catheter of this invention; 
25 FIG. 4 is a sectional view taken along line 4-4 of FIG. 3; 

FIG. 5 is a sectional view taken along line 5-5 of FIG. 3; 
FIG. 6 is an enlarged perspective view of the transition zone of the proximal 
inner tube of FIG. 1 ; 

FIG. 7 is a perspective view of the proximal inner tube of FIG. 1 . 
30 FIG. 8. is a side elevation view of a portion of the transition zone of FIG. 6; 

FIG. 9 is a partial section side elevation view of a fourth embodiment of a fixed- 
wire balloon dilatation catheter of this invention; and 
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FIGS. 1 0 through 14 are perspective vi ws of variations of the stiff proximal tube 
of this invention. 

Detailed Description of the Invention 
The balloon dilatation catheter 10 depicted in FIG. 1 has a coaxial tube design 
5 with an inner guidewire tube 20 surrounded by an outer inflation tube 30. The lumen 
defined by guidewire tube 20 is the guidewire lumen 25. The annular space formed 
between guidewire tube 20 and inflation tube 30 defines the inflation lumen 35. The 
proximal end of guidewire tube 20 and inflation tube 30 are mounted in a standard 
manifold 15. A balloon 40 is mounted to the distal end of guidewire tube 20 and 

1 0 inflation tube 30. A soft bumper tip 50 can be affixed to the distal end of guidewire tube 
20. Bumper tip 50 can be formed from a relatively soft polymeric material such as 
polyethylene with a flex modulus of between 5000 psi and 100,000 psi (34.47 MPa and 
689.48 MPa). (It is to be understood that all of the values for pressure and dimension 
provided herein relate to the use of the subject invention in a balloon dilatation catheter 

15 adapted for use in PTCA procedures. It is also to be understood that these values can 
vary depending on the particular application for the invention without deviating from the 
scope and spirit of the invention.) Bumper tip 50 minimizes the chances of vascular 
trauma when balloon catheter 10 is maneuvered through the vascular system to the 
treatment site. 

20 Inflation tube 30 may be a single tube piece or may be formed from multiple 

pieces as shown in FIG. 1. Using a single tube piece for inflation tube 30 facilitates 
manufacturability, improves reliability and masks the transition point of guidewire tube 
20 where multiple tube pieces are used for guidewire tube 20. If multiple tube pieces 
are used for inflation tube 30, a proximal inflation tube 31 and a distal inflation tube 32 

25 connected at its proximal end to the distal end of proximal inflation tube 31 are used. 
By using multiple sections, the characteristics of proximal inflation tube 31 and distal 
inflation tube 32 can be tailored to the requirements of catheter 10. Of course, where 
multiple sections are used for both inflation tube 30 and guidewire tube 20, distal 
inflation tube 32 could be formed from a single tube having a bilumen configuration, 

30 where the lumens are side by side rather than coaxial. In addition, the relative locations 
between the bonds in inflation tube 30 and guidewire tube 20 could vary so that they 
are radially aligned or one is proximal or distal to th other. As shown in FIG. 1 f the 
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bond connecting the multiple pi ces of Inflation tube 30 is proximal to the ar a of the 
bond connecting the multiple pieces of guidewire tube 20. 

Inflation tube 30 should be flexible and lubricous and should be able to 
withstand pressures in the range of up to about 20 atmospheres (294 psi) (2.03 MPa) 
5 which is the maximum inflation pressure that may be used to inflate balloon 40. 
Suitable materials for inflation tube 30 include high density polyethylene, polyimide, and 
various other polymeric materials. These materials preferably have a flex modulus in 
the range of 1 0,000 psi to 500,000 psi (68.95 MPa to 3447.36 MPa). In addition, a wall 
thickness in the range of 0.001 inches to 0.005 inches (0.025 mm to 0.13 mm) and an 

10 outer diameter in the range of 0.030 inches to 0.050 inches (0.76 mm to 1.27 mm) 
should be used for inflation tube 30 to minimize the profile of catheter 10. 

If multiple tube pieces are used for inflation tube 30, proximal inflation tube 31 
should have the characteristics of inflation tube 30 described above. Distal inflation 
tube 32, like proximal inflation tube 31 , should be able to withstand pressures of up to 

15 20 atmospheres (294 psi) (2.03 MPa). However, distal inflation tube 32 should be more 
flexible than proximal inflation tube 31 to allow the distal portion of catheter 10 to be 
guided through the tortuous passages of the vasculature. Suitable material for distal 
inflation tube 32 includes polyethylene or other polymers having a flex modulus in the 
range of 10,000 psi to 500,000 psi (68.94 MPa to 3447.4 MPa). Again the wall 

20 thickness of distal inflation tube 32 should be in the range of 0.001 inches to 0.005 
inches (0.025 mm to 0.13 mm) and distal inflation tube 32 should have an outer 
diameter in the range of 0.030 inches to 0.050 inches (0.76 mm to 1.27 mm) to 
minimize the profile of catheter 10. 

Where multiple tube pieces are used for inflation tube 30, the distal end of 

25 proximal inflation tube 31 is bonded to the proximal end of distal inflation tube 32 by 
heat. Although heat bonding is preferred, any suitable bonding technique, such as the 
use of a chemical adhesive, could also be used. 

The proximal neck of balloon 40 is bonded adjacent the distal end of distal 
inflation tube 32. Alternatively, if a single tube piece is used, the proximal neck of 

30 balloon 40 is bonded adjacent the distal end of inflation tube 30. Again, heat bonding 
is preferred although other suitable bonding techniques can be used. 

Although guidewire tube 20 may be a single tube piece, it is preferably formed 
from multiple pieces. Preferably a proximal guidewire tube 21 and a distal guidewire 
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tube 22, having Its proximal end connected to the distal end of proximal guidewire tube 
21, are used. This multisection arrangement allows the characteristics of proximal 
guidewire tube 21 and distal guidewire tube 22 to vary to meet the needs of catheter 
10. Proximal guidewire tube 21 is preferably stiff while distal guidewire tube 22 is 
5 preferably flexible. 

In order to provide sufficient stiffness to proximal guidewire tube 21 so that the 
resulting catheter 10 has adequate pushability, proximal guidewire tube 21 is formed 
from a metal such as stainless steel hypotube, a superelastic alloy such as nitinol, 
nickel and its alloys or titanium and its alloys or any other biocompatible metal. This 
10 material provides proximal guidewire tube 21 with longitudinal stiffness, yet allows 
proximal guidewire tube 21 to have a wall thickness in the range of 0.001 inches to 
0.005 inches (0.025 mm to 0.13 mm) and an outer diameter in the range of 0.018 
inches to 0.035 inches (0.46 mm to 0.89 mm) which minimizes the profile of catheter 
10, maximizes the size of inflation lumen 35 and still allows a guidewire to pass through 
15 guidewire lumen 25. Other stiff materials could also be used for proximal guidewire 
tube 21. Other suitably stiff materials include polyimide and polyether ether ketone 
(PEEK). 

On the other hand, distal guidewire tube 22 should be flexible to track a 
guidewire through the tortuous vasculature. Distal guidewire tube 22 may be made 

20 from polyethylene and other polymers having a flex modulus in the range of 1 0,000 psi 
to 500,000 psi (68.94 MPa to 3447.3 MPa). In addition, the wall thickness of distal 
guidewire tube 22 should be in the range of 0.001 inches to 0.005 inches (0.025 mm 
to 0.13 mm) and an outer diameter in the range of 0.018 inches to 0.03 inches (0.046 
mm to 0.076 mm). As discussed above, distal guidewire tube 22 could be formed from 

25 a tube having a bilumen configuration rather than being part of a coaxial tube 
arrangement where multiple tube pieces are used for inflation tube 30. The proximal 
end of distal guidewire tube 22 is preferably placed against the distal end of proximal 
guidewire tube 21 in abutting relationship. A sleeve formed of the same material as 
distal guidewire tube 22 is placed over the distal portion of proximal guidewire tube 21 

30 and the proximal portion of distal guidewire tube 22. This sleeve is adhered to the 
outer surface of proximal guidewire tube 21 and distal guidewire tube 22 by a chemical 
adhesive and/or heat bonding. Alternatively, the proximal portion of distal guidewire 
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tube 22 can b plac d over or insid th distal portion of proximal guidewire tube 21 
and adhered to the outer or inner surface of proximal guidewire tube 21 . 

Although balloon dilatation catheter 10 is described above as having a stiff 
proximal guidewire tube 21 . preferably formed from metal, It is also possible to have 
5 proximal inflation tube 31 formed from a stiff material, preferably metal. See FIG. 2. In 
such a case, proximal inflation tube 31 would have the properties and characteristics 
described above for proximal guidewire tube 21 and, conversely, proximal guidewire 
tube 21 would have the properties and characteristics described above for proximal 
inflation tube 31 . It is important to note, however, that if proximal inflation tube 31 is 

10 formed from metal, the stiffness of the resulting catheter will be substantially greater 
than where proximal guidewire tube 21 is formed from metal. This results from the 
increased size of the metal tube used. In certain circumstances, this substantial 
increase in stiffness would be undesirable. 

In addition, the balloon dilatation catheter could have a rapid exchange 

15 configuration as shown in FIG. 3. Such a rapid exchange balloon dilatation catheter 
100 has a proximal single lumen shaft 110 and a stem 120 affixed to the distal end of 
proximal shaft 110, which together define the inflation lumen. In addition, a short 
guidewire tube 130 which has a coaxial arrangement with stem 120 can be heat 
bonded to stem 120 to provide the configuration shown. Alternatively, the stem and 

20 guidewire tube could be formed from a single bilumen tube piece that defines both the 
distal portion of the inflation lumen and the entire guidewire lumen that extends through 
the balloon 140. The proximal neck of balloon 140 is bonded to stem 120 and the 
distal neck of balloon 140 is bonded to guidewire tube 130. As with balloon catheter 
10, a soft bumper tip can be affixed to the distal end of guidewire tube 130. In a 

25 balloon dilatation catheter of this configuration, proximal shaft 1 10 is formed of a stiff 
material, preferably metal. 

Alternatively, the balloon dilatation catheter could be of the fixed-wire type. See 
FIG. 9. Such a fixed-wire catheter 200 has a proximal single lumen shaft 210 and a 
stem 220 affixed to the distal end of proximal shaft 210, which together define the 

30 inflation lumen. A wire 230 is fixedly attached to catheter 200 and extends through the 
balloon 240. In the embodiment shown, wire 230 is bonded to proximal shaft 210. The 
proximal neck of balloon 240 is bonded to stem 220 and the distal neck of balloon 240 
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is bonded to wire 230. In the balloon dilatation catheter of .this configuration, proximal 
shaft 210 is formed from a stiff material, preferably metal. 

Although the present invention has particular applicability to balloon dilatation 
catheters, it is also applicable to other medical devices having the same requirements 
5 of a stiff proximal portion, a flexible distal portion and a smooth transition between the 
stiff proximal portion and the flexible distal portion to avoid areas of high stress 
concentration. For example, this invention could be used as part of a stent delivery 
catheter, guide catheter or diagnostic catheter. 

Regardless of whether the stiff, preferably metallic, tube is used as proximal 
10 inflation tube 31 or proximal guidewire tube 21 in an over the wire catheter 10, as 
proximal shaft 110 in a rapid exchange catheter 100, as proximal shaft 210 in a fixed- 
wire catheter 200 or as a proximal tube in some other medical device, the transition 
between the stiff, preferably metallic, tube and the distal more flexible tube presents an 
abrupt change in the hardness and flexibility of the assembly. Unless properly 
15 designed, this transition could become the location for kinking or other catastrophic 
failure of the device. A smoother transition can be provided by designing the distal 
portion of the stiff, preferably metallic, tube so that the flexibility of the stiff, preferably 
metallic, tube increases toward its distal end. 

The discussion that follows focuses on proximal guidewire tube 21 . However, 
20 it is to be understood that the discussion applies equally well to proximal inflation tube 
31 , proximal shaft 110, proximal shaft 210 and any stiff tube in a medical device where 
it is desirable for one end of that tube to be more flexible than the other end. 

One means of increasing the flexibility of the distal portion of proximal guidewire 
tube 21 is to perforate the distal portion of proximal guidewire tube 21 as seen in FIG. 
25 1 to create a transition zone that is more flexible than the proximal portion of proximal 
guidewire tube 21. The perforations preferably extend along the distal most two to 
three inches (5.08 to 7.62 cm) of proximal guidewire tube 21 . Of course, the transition 
zone could be longer or shorter as desired. The exact shape, size, depth, spacing and 
pattern of these perforations should be chosen to increase the flexibility and minimize 
30 stress and material fatigue of the distal portion of proximal guidewire tube 21 without 
compromising its structural integrity or promoting kinking in that region. 

One important factor that helps to identify whether these characteristics are met 
is by analyzing the area moments of inertia of incremental cross sections of proximal 
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guid wire tube 21 perpendicular to its longitudinal axis. Th ar a moment of inertia is 
defined as 

/Y*dA 

where Y is the distance to the longitudinal axis and A is the area. This area moment 
5 of inertia can be reduced by reducing the cross-sectional area of proximal guidewire 
tube 21. Reducing the area moment of inertia decreases the stiffness of proximal 
guidewire tube 21 at that point. Preferably the area moments of inertia should decrease 
gradually, not abruptly. In addition, the area moments of inertia taken through 
substantially the entire length of the transition zone should be less than the area 

10 moments of inertia taken along the proximal portion of proximal guidewire tube 21. 
This ensures that the stiffness of proximal guidewire tube 21 gradually decreases to 
approach the stiffness of distal guidewire tube 22. 

Another important factor to help identify whether proximal guidewire tube 21 has 
the appropriate characteristics to be used in a balloon dilatation catheter is the location 

1 5 of the centroid for the cross-section defined above in connection with the area moment 
of inertia. Preferably this centroid should be at or close to the longitudinal axis of 
proximal guidewire tube 21 . 

One particularly preferred configuration for the transition zone of proximal 
guidewire tube 21 is to have the perforations arranged in rows with two perforations in 

20 each row. One perforation in each row should be located 180© from the other 
perforation in that row. Each perforation in one row is offset from the perforations in 
the adjacent rows by 90o and extend at least partially into the space between the 
perforations in an adjacent row. Preferably the center to center distance between 
perforations in adjacent rows is 0.005 inches to 0.080 inches (0.13 mm to 2.03 mm). 

25 This configuration ensures that throughout the majority of the length of the transition 
zone, there are no complete annular bands of proximal guidewire tube 21 defining a 
region with an area moment of inertia equal to the area moment of inertia of a cross 
section of proximal guidewire tube 21 taken along the proximal portion of proximal 
guidewire tube 21 . Preferably, an annular band is left at the very distal end of proximal 

30 guidewire tube 21 for structural integrity. The perforations in every other row are 
aligned with each other along the longitudinal axis of proximal guidewire tube 21 . 
Where proximal guidewir tub 21 has an outer diameter of 0.025 inches (0.64 mm) 
each perforation preferably has a length (L) of 0.010 inches to 0.090 inches (0.25 mm 
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to 2.29 mm). In addition, th distance (D) between the centers of each longitudinally 
aligned perforation Is preferably 0.010 inches to 0.090 inches (0.25 mm to 2.29 mm). 
Distance D could also vary along the rows of the perforations. 

Each perforation is formed by electrodischarge machining. In this procedure, 
5 guidewire tube 21 is held in place and positioned with respect to the electrodischarge 
machine electrode to form the perforations. The electrode moves toward guidewire 
tube 21 at an angle of 30o to 60o to the longitudinal axis of proximal guidewire tube 
21. The electrode extends to a depth (Y) of 0.001 inches to 0.012 Inches (0.025 mm 
to 0.30 mm) before being pulled away from the longitudinal axis of guidewire tube 21 
10 at an angle of 30o to 60©. The resulting perforation has a beveled edge. Guidewire 
tube 21 is then rotated or moved along its longitudinal axis so another perforation can 
be formed. The perforations in the distal-most row are formed by pulling the electrode 
in the electrodischarge machine away from proximal guidewire tube 21 at a 90o angle 
to the longitudinal axis of proximal guidewire tube 21. The depth (Y) of the 
15 perforations is less along the most proximal eight rows of perforations. 

It is also possible to form the perforations into shapes, such as ovals, circles, 
rectangles or triangles which do not have beveled edges. These shapes may be 
formed by only moving the electrodischarge machine electrode toward and away from 
proximal guidewire tube 21 at an angle of 90© to the longitudinal axis. These 
20 perforations can be arranged in rows as shown in FIG. 10. Each row contains two 
perforations on opposite sides of proximal guidewire tube 21, i.e. they are 180 degrees 
apart. Each perforation in one row is offset from the perforations in the adjacent row 
by 90o. The perforations in every other row are aligned with each other along the 
longitudinal axis of guidewire tube 21 . In addition, the spacing between adjacent rows 
25 of perforations gradually decreases in the distal direction. Thus proximal guidewire 
tube 21 increases in flexibility in the distal direction. Although not shown, it is to be 
understood that these perforations could also be arranged as shown in FIG. 7. 

Another embodiment of this invention includes the use of one or more slots cut 
into the distal portion of proximal guidewire tube 21. See FIGS. 10-14. Any number 
30 of slots could be located around the circumference of guidewire tube 21 . These slots 
can also be tapered so that they increase in the distal direction. For example, the 
embodim nt shown in FIG. 1 1 uses two slots on opposite sid s of th distal portion of 
guidewire tube 21 that gradually increase in size to a point just proximal of the distal 
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end of guidewire tube 21. This leaves an annular ring at the distal end of guidewire 
tube. Alternatively, the slots could extend to the very distal end of guidewire tube 21 
so there would be no annular ring. See FIG. 13. In addition, instead of being tapered, 
the slots could have a uniform width or could be wavy. Again these slots could extend 
5 to the very distal end of guidewire tube 21 as in FIG. 14, or could terminate just short 
of the distal end to leave an annular ring as in FIG. 13. The embodiment of FIG. 13 
also shows a different number of slots. Moreover the slots could each have various 
lengths. 

The perforations and slots described above can be formed by any standard 

10 method. For example, electrodischarge machining, chemical etching, mechanical 
cutting or grinding, or the use of an eximer laser could provide the desired 
configuration for the stiff, preferably metallic, tube. 

It is to be understood that the above description concerning the distal portion 
of proximal guidewire tube 21 can be applied to the entire length of proximal guidewire 

15 tube 21 or any other length to increase the flexibility of that portion of proximal 
guidewire tube 21 . This description can also apply to any stiff, preferably metallic, tube 
of any type of medical device where a smooth transition is needed between a stiff 
portion and a more flexible portion. 

The proximal portion of distal guidewire tube 22 is connected to the distal end 

20 of proximal guidewire tube 21. In order to make guidewire tube 20 fluid tight, a tube 
must cover the perforations formed in the distal portion of proximal guidewire tube 21 . 
The proximal end of distal guidewire tube 22 is placed against the distal end of proximal 
guidewire tube 21. A sleeve that is formed of the same material used to form distal 
guidewire tube 22 is placed over the transition zone of proximal guidewire tube 21 and 

25 the proximal portion of distal guidewire tube 22. The sleeve is chemically bonded to 
proximal guidewire tube 21. In addition, the polymeric tube is heated to bond it to 
distal guidewire tube 22. This heating also melts the plastic of the sleeve so it extends 
into the depth of the perforations for a stronger bond between the sleeve and proximal 
guidewire tube 21 . The plastic filled perforations facilitate guidewire movement through 

30 proximal guidewire tube 21 because the guidewire would not extend into any of the 
perforations. In addition, the fatigue resistance and stiffness of the transition zone 
increases when the perforations are filled with the plastic. 
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Thus ft is seen that a catheter is provided that has a small profile, a flexible distal 
portion, a stiff proximal portion and a smooth transition from a stiff proximal portion to 
a flexible distal portion which avoids areas of high stress concentration. One skilled in 
the art will appreciate that the described embodiments are presented for purposes of 
5 illustration and not of limitation and the present invention is only limited by the claims 
which follow. 
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CLAIMS 

I claim: 

1 . A catheter (1 0) comprising: 

(a) an inner tube comprising 

5 (i) a non-perforated proximal section having a distal end with 

a first flexibility; 

(ii) a non-perforated distal section having a proximal end with 
a second flexibility; and 

(iii) a transition section intermediate the proximal section and the 
10 distal section, the transition section having one or more openings therein, with the 

transition section being configured to provide a flexibility which is greater than the first 
flexibility of the distal end of the proximal section and which flexibility is less than the 
second flexibility of the proximal end of the distal section; and 

(b) an outer tube positioned around the inner tube. 

15 2. The catheter (10) of claim 1 wherein the proximal inner tube section is 

metallic. 

3. The catheter (10) of claim 1 wherein one or more of the openings have 
beveled edges. 

4. The catheter (10) of daim 2 wherein one or more of the openings have 
20 beveled edges. 
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